Blast Injuries of the Ear by Gordon Smyth DSC FRCS (Eye and Ear Clinic, Royal Victoria Hospital, Belfast, BT12 6BA) It is inevitable that many of those injured in the 'troubles' have suffered temporary or permanent defects in their auditory apparatus. These include:
(1) Lesions of the outer ear caused by flying glass and masonry. (2) Injury to the temporal bone as part of head injury by high velocity bullets or flying missiles. (3) Rupture of tympanic membrane and damage to cochlea by bomb blast.
Patients in Group 1 are usually treated for their multiple lesions in a general surgical department and require no special ENT treatment. Patients in Group 2 are usually admitted to the neurosurgical unit and if seen by an otologist this is most often because there is a problem such as persistent CSF leak or facial paralysis. In these cases, exploration of the ear and repair of the leak or facial nerve is required but the gross nature of the injury usually obviates any possibility of treatment to restore auditory function. Patients with less severe injuries in this category may be referred with deafness and/or vertigo due to less serious damage to auditory or vestibular apparatus.
The ENT Department has been principally concerned with patients in Group 3, the majority of whom have been injured in one or more of the numerous explosions in and around Belfast. This category has taken in some patients from Group I who subsequently have complained of a hearing defect or tinnitus; these symptoms occurring together are the commonest presenting complaint. In this group two kinds of damage to the auditory apparatus have occurred: rupture of the tympanic membrane; impairment of cochlear function due to vasospasm or to rupture of the membranous inner ear structures.
Until recently there have been few studies of large numbers of patients suffering from the auditory effects of bomb blast. It is generally accepted that rupture of the tympanic membrane is due to the compressional force of the blast, whereas in cochlear defects damage is caused by the vascular response to high intensity sound pressure and to the negative pressure phase.
A programme has been initiated to survey the extent and natural history of the various types of ear trauma which have occurred in Northern Ireland during the past two years and, in particular, to study these factors and the relative efficacy of various forms of treatment in the group of patients who were involved in the 'Abercorn' and other explosions. Up to July 1972 100 patients with auditory defects have been examined clinically and audiometrically. Of these, 32 have a sensorineural loss; 19 have a conduction loss with ruptured tympanic membrane; 33 have a mixed hearing loss with evidence of cochlear damage and rupture of the tympanic membrane; 25 of those with conduction or mixed hearing loss have subtotal perforations of the tympanic membrane. Forty-one have bilateral involvement; both ears are not necessarily affected in the same way, i.e., one ear may have damage to the middle ear structures and the other a sensorineural loss.
Treatment
Conduction hearing loss due to rupture of the tympanic membrane was treated expectantly in anticipation of spontaneous closure. If this did not occur myringoplasty was performed. Sensorineural hearing loss: On the basis that some of the inner ear effects at cellular level may be reversible if treated early, when there has been elevation of bone conduction threshold above 30 dB, therapy has usually been with vasodilator drugs. In many patients whose loss has been more severe, steroids have also been used routinely (Decadron 2 mg intramuscularly, six-hourly). Insufficient time has elapsed to give an adequate progress report on these forms of therapy. Following encouraging reports on the efficacy of low molecular dextran in blast injury deafness following an industrial explosion in Basle (Kellerhals et al. 1971 , Practica oto-rhino-laryngologica (Basel) 33, 260) this has been given as one litre intravenously daily for one week to all cases of moderate cochlear loss. The rationale for the use of this agent has been its improving effect on low flow states through a reduction in erythrocyte sludging and increased cardiac output and thus improved oxygenation of the part.
Recently all patients with elevation of bone conduction thresholds of more than 29 dB are treated with a combination of low molecular dextran, steroids and vasodilators. The therapeutic response to this regime cannot be accurately known because of a lack of control subjects. However, because many of the deafened victims of bomb blast have had significant hearing gains while receiving this treatment it is intended to continue in this way for the present.
Comment
Contrary to expectations, in many patients the tympanic membrane damage took the form of a large defect rather than the small punched-out perforation usually described in the literature. Almost all of these extensive perforations did not heal spontaneously and have had or will require closure by myringoplasty.
It has been encouraging to find that prior ear surgery does not appear to have increased susceptibility to inner ear trauma. Four patients had had a previous tympanoplasty. Of these none has suffered any sensorineural loss, 3 have had a linear tear in the tympanic membrane and one a subtotal perforation of the unoperated ear. One patient had previously had tympanoplasty followed by stapedectomy; there was a small linear tear of the tympanic membrane without sensorineural loss. The patients in this group are of particular interest as there was complete documentation of hearing prior to injury. Much research has been carried out into the differences of acid and pepsin levels of the gastric secretion between normal subjects and patients with duodenal ulceration (Hunt & Kay 1954 , Shay & Sun 1963 , Johnston & Jepson 1967 ) but there has been little investigation of differences in secretion of mucopolysaccharides between normal subjects and patients with duodenal ulceration.
Abnormalities of Mucopolysaccharides in Duodenal Ulceration
Sixty-four persons were investigated. Each subject underwent a pentagastrin stimulation test and the volume and acid levels of all basal and stimulated specimens were measured routinely. Forty-two patients with proven duodenal ulcers, 38 male and 4 female, were studied. Their ages ranged from 10 to 69 years with an average of 34.8 years. There were 22 normal volunteers, 17 male and 5 female, whose ages ranged from 18 to 52 with a mean of 24.5 years.
Gas-liquid chromatography of the trimethylsilylated derivatives of the monosaccharide constituents, hydrolysed from the gastric secretion, was performed and the results expressed as concentrations (mmol/1) and amounts in each specimen (,u moles).
Gas-liquid chromatography was undertaken since by this technique it is possible to differentiate between the various hexoses and hexosamines as well as their isomers (Sweeley et al. 1963 , Bolton et al. 1965 , Schrager 1969 .
All the sugar constituents of mucopolysaccharides are present to a slight extent as monosaccharides in gastric juice. In particular, sialic acid hydrolyses very readily and is liberated exponentially, a steady state being obtained within 4-5 days of collection while the specimen is stored in a refrigerator. Free and total sialic acid and nitrogen were chemically analysed.
Differences in the amounts of each constituent in each specimen between patients with duodenal ulceration and normal subjects were examined by comparing the mean levels by Student's t test. A significant patient-control difference was observed in at least one specimen for each constituent apart from glucose. The greatest differences were found in the case of free and total sialic acid levels, with the control subjects having greater amounts in both cases than the patients. When the ratio of free to total sialic acid was considered there was no significant difference between the groups..
To obtain the best possible discrimination between gastric secretion of duodenal ulcer patients and controls, a method using all the data together was preferable. For this purpose a multivariable discriminant function analysis was performed (Cooley & Lohnes 1962 , MacRae et al. 1971 ).
On the basis of 22 factors relating to each person, i.e. basal and stimulated values for volume, nitrogen, free sialic acid, total sialic acid, fucose, galactose, mannose, glucose, glucosamine and galactosamine in addition to age and sex it was possible to predict, with 95.2% accuracy for the concentrations and with 90.5 % accuracy for the amounts in each specimen, the group to which each of the 64 subjects belonged.
When the four parameters which could be quickly obtained without the use of gas-liquid chromatography, i.e. volume, nitrogen, free and total sialic acid levels, were examined by a discriminatory analysis test, the degree of accuracy was considerably reduced and normal subjects were frequently misclassed.
A correlation of the results obtained by discriminant function analysis was made with the results of assessing the acid output in response to stimulation by pentagastrin (Fig 1) . It was deduced that the levels of the carbohydrate constituents in gastric secretion were not related to 
